Introduction
Tetrapyrrolic macrocyles, owing to their unique spectral, photochemical, photophysical, and metal chelating properties have a wide range of biomedical applications, such as optical imaging, fluorescent labeling, photodynamic inactivation of microbial infections, and photodynamic therapy of solid tumors. [1] [2] [3] [4] [5] [6] A key challenge to the implementation of tetrapyrrolic macrocyles for biomedicine entails tailoring the molecules either with hydrophilic substituents to achieve its water solubility, [7, 8] or with lipophylic substituents for the incorporation into liposomes and lipid micelles. [9, 10] Coupling of phthalocyanine and pyropheophorbide macrocycles with estradiol and 3β-oleoyloxyanrost-5-en-17-amine was shown to be an efficient approach for the receptor-dependent targeting of macrocycles to cells. [11, 12] We hypothesized that modification of tetrapyrrolic macrocycle with lipophylic cholesterol moiety may be of interest, since cholesterol is essential component of mammalian membranes. The resulting conjugates are thought to have affinity to phospholipids and may be used as photosensitizers entrapped in liposomes. Insertion of paramagnetics into the coordination sphere of macrocycle may convert them to spin probes suitable for membrane studies. Moreover, modification of various macrocycles with cholesterol fragments in different positions results in conjugates differing in chemical structure and properties, and, probably, in biomedical applications.
Our preliminary communication concerning first synthesis of chlorin e 6 -cholesterol conjugate was reported recently. [13] The goal of the present study is elaboration of method for introducing of cholesterol fragment either in 13', or in 17" positions of macrocycle through short aminoethoxy spacer; chemical synthesis and characterization of two conjugates 1 and 2, in which either pyropheophorbide, or chlorin e 6 moieties are connected with cholesterol by formation of amide bonds; preparation and characterization of the related copper complexes; evaluation of entrapping G. V. Ponomarev et al.
of conjugates 1 and 2 and their copper complexes to phospholipids vesicles; and their preliminary testing as membrane spin probes.
Experimental
Reagents and solvents were obtained from "Aldrich", "Sigma", "Acros Organics" and "Ekos-1 Ltd"; methyl pheophorbide, 3, isolated from Spirulina platencis according to [14] , and 3β(2-hydroxyethoxy)-cholest-5-ene, 7, synthesized according to the published procedure, [15, 16] were used as the starting compounds. Absorption spectrum were registered on a 'Thermospectronic Helios α' spectrophotometer; 1 
Н NMR and

13
С NMR spectra were registered on an 'AMX-III' 400 MHz Bruker instrument in CDCl 3 ; high resolution mass spectra (HMRS) were registered on a Bruker 'Apex Ultra' FT ICR MS instrument at ion positive electro spray ionization mode; EPR spectra were registered on a Varian E-104 X-band (9.15 GHz) spectrometer at room temperature (293 K), with microwave irradiation level of 20 mW, modulation amplitude of 4G and sweep width of 1000G.
Melting points (m.p.) of crystalline compounds were measured in a glass capillary. Analytical TLC was performed on "HPTLC Kieselgel UV-254" plates from "Merck" using the following systems -A: hexane -EtOAc (19:1); B: hexane -EtOAc (7:1); C: CHCl 3 -MeOH -AcOH (85:14:1); D: CH 2 Cl 2 -MeOH (99:1), E: CH 2 Cl 2 -MeOH (19:1); visualization of spots was carried out by UV-lamp (254 nm), by spraying either with 3% ammonium molybdate in 5% sulfuric acid, or with 0.2% ninhydrin solution in a mixture of EtOH : АсОН : 2,4,6-collidine (19:1:1), followed by heating. Flash column chromatography was performed on silica gel (40 -63 µm) from "Merck".
Methyl pyropheophorbide a, 4. The solution of methylpheophorbide 3 (1.00 g , 1.65 mmol) in 50 ml of dry pyridine (Py) was heated under reflux for 8 h, thereafter the solution was poured into 200 ml of ice water. The precipitate was filtered, dried in air, the target compound 4 (0.81 g, 1.48 mmol, 90 %) was isolated by silica gel column chromatography in CH 2 Cl 2 -Et 2 O (19:1) mixture. Characteristics of the obtained preparation were completely congruent to those reported previously. [17] Pyropheophorbide a, 5. The solution of methyl pyropheophorbide a 4 (215 mg, 0.39 mmol) in 50 ml of 50% sulfuric acid was stirred for 2 h at room temperature, then 100 g of chopped ice was added, the mixture was neutralized with aqueous ammonia, the obtained precipitate was collected by filtration, and dried in vacuo to give target compound 5 in near quantitative yield (203 mg, 0.38 mmol). HRMS, calculated for [C 33 Pentafluorophenyl pyropheophorbide a, 6. Pyropheophorbide a 5 (150 mg, 0.28 mmol) was dissolved in 15 ml of CH 2 Cl 2 , then pentafluorophenyl trifluoroacetate (0.3 ml, 1 mmol) was added, thereafter Et 3 N (0.6 ml) was added dropvise to stirred solution during 10-15 min, the formation of product 6 being controlled by TLC. After the reaction was completed, the solvent was evaporated in vacuo, the residue was twice reevaporated with hexane, and purified by chromatography on silica gel in hexane to
give pentafluorophenyl pyropheophorbide a 6 in quantitative yield (195 5 mmol) was dried by evaporation with abs. Ру and dissolved in 20 ml of abs. Py. TsCl (1.91 g, 10 mmol) was added to the obtained solution, and the mixture was stirred for 8 h at room temperature; thereafter it was poured into the mixture consisted of 150 ml NaHCO 3 saturated solution and 50 g of chopped ice. The resulting mixture was stirred for 2h, filtered and the residue was dissolved in 50 ml of benzene. The obtained solution was repeatedly washed with 3% HCl solution (2×20 ml), water (2×30 ml), dried over Na 2 SO 4 , evaporated to dryness and recrystallized from hexane to give 3.90 g (6.69 mmol, 89%) of tosylate 8 as white needles with m. p. 115 o C. 3β-(2-Azidoethoxy)cholest-5-ene, 9. The mixture of tosylate 8 (3.50 g, 6.0 mmol), NaN 3 (3.25 g, 50 mmol), DMF (30 ml) was stirred for 2h at a temperature of boiling water bath. After cooling the mixture was diluted with 120 ml of benzene, filtered, the filtrate was washed with water (3×50 ml), dried over Na 2 SO 4 , and evaporated. The residue was crystallized from abs. EtOH to give 2.53 g (5.6 mmol, 93%) of azide 9 as white cubes with m.p. 
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pyropheophorbide a, 1. The mixture of pentafluorophenyl pheophorbide a 6 (70 mg, 0.1 mmol) and aminosterol 10 (128 mg, 0.3 mmol) in 10 ml of abs. THF was stirred for 1 h at 40 o C, until the formation of target product was complete according to TLC and absorption spectrum. Thereafter the mixture was evaporated to dryness, passed through silica gel short column in CH 2 Figures 1 and 2 .
Mixed vesicles of PC containing conjugates 1, 2, 11 and 12. Chloroform solutions of 85 mg (100 µmol) of egg yolk phosphatidylcholine (PC) and 2 mg (2 µmol) of conjugate 1 (or 2) were mixed together, evaporated to dryness, and dissolved in 1 ml of iso PrOH at 50 o C to obtain mixed solution containing 100 mM of PC and 2 mM of the conjugate. Aliquots of these solutions (30 µl) were injected into 3 ml of phosphate buffered saline at 37 о С during wortexing. Mixed vesicles of PC with copper complexes of conjugates 11 and 12 were prepared using the same procedure. The vesicles obtained were used for determination of their stoichiometric compositions and measuring of absorption spectra ( Figure 3 ) and EPR spectra (Figure 4 ). Stoichiometric compositions of PC vesicles containing conjugates 1 and 2 were determined as follows: 1 ml of obtained vesicles was extracted with CHCl 3 /MeOH (2:1 by vol.) mixture (3×1 ml), followed by quantitative determination of PC concentration according to method [18] and conjugates concentration from absorption spectra (suggesting ε 660 value for compounds 1 and 2, and ε 630 value for the corresponding copper complexes 11 and 12 to be equal to 36.000). The molar ratio of conjugate/PC was found to be 1:50 in all cases.
Results and Discussion
The first task was the synthesis of cholesterol derivative suitable for coupling with macrocycles. 3β(2-Hydroxyethoxy) cholest-5-ene 7 [15, 16] was used as starting compound. For the introduction of amino group the common sulfonate -azide procedure was used (Scheme 1): treatment of compound 7 with TsCl in Py gave tosylate 8 in 89% yield; subsequent substitution of tosyloxy group for azide by heating with excess of NaN 3 in DMF led to the formation of compound 9 in high yield; and finally azide 9 was reduced to target aminosterol 10 by treatment with LiAlH 4 in Et 2 O.
Methyl pheophorbide a 3, obtained according to the reported procedure [14] was used as macrocycle containing building block. The synthetic pathway, which led to the target conjugates 1 and 2 and their copper complexes 11 and 12, is shown in Scheme 2.
The presented scheme for the synthesis of conjugate 1 required preparation and using the macrocycle containing activated ester 6. We have modified the reported procedure [17] for decarbmetoxylation of methylpheophorbide a 3: methylpyropheophorbide a 4 was obtained in 90% yield by heating of compound 3 in boiling pyridine for 8 h. The resulting ester 4 was then subjected to hydrolysis in aqueous sulfuric acid to obtain pyropheophorbide 5 in quantitative 
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in a quantitative yield. Compound 1 was obtained via substitution of pentafluorophenyl group in compound 5 for aminosterol 10 in warm THF in the presence of Et 3 N in 90% yield.
For the preparation of conjugate 2 the known reaction of nucleophilic opening of exocycle E in methyl pheophorbide a 3 by amines was used: [19] incubation of compound 3 with 3 equivalents of aminosterol 10 in THF at 40 o C for 48 h led to the target amide conjugate 2 isolated in 90% yield.
Both conjugates 1 and 2 were isolated as individual compounds according to TLC, their structures were completely characterized by HRMS, 1 H NMR,
13
C NMR and absorption spectra. 1 H NMR spectra of compounds 1 and 2 demonstrated significant differences in orientation of their steroid backbone regarding to macrocycle. We observed extraordinary low values for chemical shifts for exocyclic methyl protons occupying β-region of sterol moiety in compound 1. Namely, cholersteryl H-18 and H-19 protons in compound 1 exhibited chemical shifts values of 0.45 ppm and 0.67 ppm, respectively, while those in compound 2 (0.64 ppm and 0.93 ppm, respectively) were in common range for cholesterol derivatives. We speculate that observed high field shifts of H-18 and H-19 protons in compound 1 were due to their proximity to inner core of macrocycle.
Conjugates 1 and 2 form copper complexes in quantitative yields, being heated with excess of Cu(CH 3 COO) 2 in CH 2 Cl 2 -MeOH mixture (1:3) for 1 h, with subsequent isolation of resulting copper complexes 11 and 12 by silica gel flash chromatography. The structure of complexes 11 and 12 was confirmed by characteristic HRMS peaks corresponding to molecular ions, as well as by absorption spectra and EPR spectra.
The absorption spectrum of conjugate 1 in CH 2 Cl 2 (spectrum 1, Figure 1 ) was typical for those of chlorins containing cyclopentanone ring. The main long wave maximum revealed at 668 nm, and slightly split Soret band -at 414 nm (with shoulder at 398 nm). Protonated form of this compound (spectrum 2, Figure 1 ), obtained by adding of trifluoroacetic acid (TFA), had long way maximum at 652 nm and considerably more intensive Soret band shifted to 419 nm. A comparison of the spectral changes of conjugate 1, caused by either its protonation (spectrum 2, Figure 1 ), or formation of its copper complex 11 (spectrum 3, Figure 1 ), indicated close hypsochromic shifts for their long way maxima (652 nm and 654 nm, respectively), but quit different changes in their Soret bands. A Soret band in copper complex 11 (spectrum 3, Figure 1 ) had a maximum at 425 nm and was considerably split; their intensity was seemed to be one third as compared to the protonated form of compound 1 (spectrum 1, Figure 1) .
The long wave maximum for compound 2 in CH 2 Cl 2 (660 nm) was usual for chlorin e 6 derivatives, it exhibited hypsochromic shift to 633 nm when copper complex 12 was derived. Additionally, formation of copper complex 12 led to the considerable bathochromic shift of Soret band, this band was slightly split and revealed maxima at 398, 399 and 410 nm (Figure 2 ).
Both conjugates 1 and 2, as well as the corresponding copper complexes 11 and 12, may be simply incorporated in phospholipids bilayers. Mixed vesicles, consisted of egg yolk phosphatidylcholine (PC) and aforementioned conjugates, were prepared according to known procedure [20] developed earlier for the preparation of unilamellar vesicles from pure PC, and PC-cholesterol mixtures. Incorporation of conjugates 1, 2, 11 and 12 into vesicles provides their solubilization in aqueous medium, and leads to the notable changes in absorption spectra when compared with these of CH 2 Cl 2 solutions (Figure 3 ). Being entrapping in PC vesicles, these compounds exhibited long wave maxima about 6 -8 nm lower than that in CH 2 Cl 2 solution. Probably, it is caused by association of chromophores in lipid bilayer. These bathochromic shifts, apparently caused by increasing of the medium polarity, thus confirming the dye exposure on the bilayer surface, were observed for Soret bands as well.
Important information concerning binding of conjugates to phospholipids may be obtained from analysis of EPR spectra of the corresponding copper complexes. EPR spectra of conjugate 12 powder ( Figure 4A , spectrum 1) and PC vesicles containing conjugate 12 in aqueous solution ( Figure 4A , spectrum 2) look similar to well-known ones for porphine-like copper complexes. [21] High-field perpendicular manifold splits into two major components due to second-order effects ('angular anomalies'), [22] and this is typical for systems with highly anisotropic spin Hamiltonian. Angles about 70 0 (with respect to magnetic field) contribute mainly to the most high-field component, [22] thus providing some spatial resolution in perpendicular region. Splitting between lowfield peaks (referenced as A parameter, Figure 4A ) provides a measure of motional spectrum narrowing. In rigid-limit state (no motion, with correlation times much larger than spin Hamiltonian anisotropy) it is equal to parallel component of 63 Cu nucleus hyperfine tensor (typically about 200G), while motions comparable to hyperfine tensor anisotropy leads to decreasing of A value.
Compared to EPR spectrum of conjugate 12 in CH 3 Cl solution ( Figure 4B ), the spectrum of the same complex in PC vesicles ( Figure 3A , spectrum 2) displays much higher value of A (209.7G vs. 110.6G). This clearly confirms an entrapping of conjugate into PC vesicles, because of τ (free conjugate) <<τ (vesicle) . Moreover, the value of A at 293 K for PCentrapped complex is even larger than in powder spectrum of free one (209.7G vs. 201.5G), approaching rigid-limit (211.9G, as measured at 77 K) indicating intramolecular fast oscillations being hindered by the bilayer. This allows relating membrane director tilt angles with hyperfine splitting.
Additionally, in powder spectrum of conjugate 12 ( Figure 4A, spectrum 1) , the super-hyperfine splitting in the region of perpendicular manifold (arising from four nitrogen nuclei of chlorin ring) is almost unresolved, while in the presence of PC it is clearly emphasized. Therefore, an entrapping of the cholesterol moiety of conjugate into PC vesicle, leads to the exposure of its macrocycle ring on the surface of bilayer, hindering its reorientational motion, and preventing copper centers from spin-spin interaction due to spatial separation, which otherwise leads to the line broadening.
Conclusions
The presented results demonstrated that modification of macrocycle with cholesterol fragment led to novel conjugates exhibiting affinity to phospholipids. Being incorporated in PC vesicles, these conjugates are efficiently taken up by the cultured cells (preliminary results obtained in our lab), enabling them to be considered as a novel potential sensitizers for photodynamic therapy. Being used as the spin probes, the conjugates containing paramagnetics, may provide an important structural and dynamical information.
